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ABSTRACT 



The direction of rotation of the phase of signals in a 
dual-band digital demodulation processing means 110 and a 
dual-band digital modulation processing means 112 is con- 
trolled in accordance with a band selection control means 
113 for selecting a first-band local oscillator 105 or a 
second-band local oscillator 106 so as to be reversed an even 
number of times in total. The direction of rotation of the 
phase of signals is controlled to return its original direction 
of rotation finally even if there is a difference between the 
first and second bands in the bigh/low relationship between 
the transmission/reception frequency and the local oscilla- 
tion frequency. Accordingly, reception data can be outputted 
properly, and a transmission wave can be outputted properly. 
Since it is possible to attain transmission and reception 
properly in any high/low relationship between the 
transmission/reception frequency and the local oscillation 
frequency, the degree of freedom in selecting the local 
oscillation frequency can be increased. 

10 Claims, 6 Drawing Sheets 
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DUAL-BAND DATA COMMUNICATION 
DEVICE 

BACKGROUND OF THE INVENTION 
The present invention relates to a dual-band data com- 
munication device which can transmit and receive either one 
of two frequency bands while switching the two, and par- 
ticularly relates to a dual-band data communication device 
which can be used with any high/low relationship between 
a transmission/reception frequency and a local oscillation 
frequency. 

Basically, a data communication device performs trans- 
mission and reception by using only one frequency band. 
With only one frequency band, however, a data communi- 
cation device might fail in communication when another 
device uses the same frequency band or when the frequency 
band cannot be used because of noise or the like. Therefore, 
dual-band data communication devices which can use two 
frequency bands selectively by switching these two bands 
have been used. 

FIG. 10 is a block diagram of a conventional dual-band 
data communication device. In FIG. 10, the dual-band data 
communication device is constituted by: an antenna 101 for 
transmitting/receiving a trarismission/reception wave effi- 
ciently; a duplexer 102 for separating the transmission/ 
reception wave into a transmission wave and a reception 
wave; a receiver 103 for converting the reception wave into 
two orthogonal base-band reception signals RX-I and RX-Q, 
the former one of which is an in-phase component and the 
latter one of which is a quadrature component; a transmitter 

104 for converting two orthogonal base-band transmission 
signals TX-I and TX-Q, the former one of which is an 
in-phase component and the latter one of which is a quadra- 
ture component, into a transmission wave; a first local 
oscillator 105 for a first band used for frequency-conversion 
in the transmitter and the receiver; a first local oscillator 106 
for a second band used for the same purpose as the first local 
oscillator 105; a reception second local oscillator 107 used 
for orthogonal detection in the receiver; a transmission 
second local oscillator 108 used for orthogonal modulation 
in the transmitter; A/D converters 109 for converting the 
orthogonal base-band reception signals RX-I and RX-Q into 
digital orthogonal base-band reception signals respectively; 
a digital demodulation processing means 201 for demodu- 
lating the digital orthogonal base-band reception signals into 
reception data; D/A converters 111 for converting digital 
orthogonal base-band transmission signals into orthogonal 
base-band transmission signals TX-I and TX-Q respectively; 
a digital modulation processing means 601 for modulating 
transmission data into digital orthogonal base-band trans- 
mission signals; and a band selection control means 113 for 
controlling the mode as to which one of the first and second 
bands is used. The band selection control means 113 per- 
forms control for selection between the first local oscillator 

105 for the first band and the first local oscillator 106 for the 
second band by using a band selection control signal 114 to 
thereby make it possible to perform control of selection as 
to which one of the first and second bands is to be used. 

However, in such a conventional dual-band data commu- 
nication device, it is necessary to fix the direction of phase 
rotation of the orthogonal base-band reception signals sup- 
plied into the digital demodulation processing means. This is 
because, if the direction of phase rotation changes so that the 
high/low relationship of frequency is inverted in frequency 
conversion, the data arc inverted. 

Let in-phase and quadrature components of digital 
orthogonal base-band signals be i(t) and q(t), respectively. 
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The reception signals orthogonally modulated by cos(a)t) 
and sin(ot) are frequency-converted with a local oscillation 
signal cos(a) 0 t) as follows. 

5 2cot(w 0 f) * 0(0 • cos(atf) - q[t) • an[Dt)} = /(f) • |cos(^ + w> + 

cosCioo - co)t} - q{t) ■ 

1Q = 0X0 * cos(cuo +u>)t- qit) • 

sin(a>o 4- &>)/} + 0(0- 
cos(a>o - u))t + q[t) ■ iin(wo ~ w)f } 



In the case of frequency conversion, the phase is not 
changed if the local oscillation frequency is made lower than 
the reception frequency, but the phase of the quadrature 
component is inverted if the local oscillation frequency is 
made higher than the reception frequency. If the local 
oscillation frequency is set to have a high/low relationship 
which is difference between the first and second bands, the 
phase of the quadrature component is inverted between the 
two bands, and the direction of rotation of the phase is 

25 reversed. Accordingly, in differential phase modulation, 
logic 1 and logic 0 are replaced by each other. 

Therefore, there arose such a constraint condition that it 
was necessary to set the high/low relationship between the 
reception frequency and the local oscillation frequency in 

30 common between the first and second bands. Accordingly, 
there was a problem that the degree of freedom in designing 
the first-band local oscillator and the second-band local 
oscillator was reduced. 
In the same manner, the phase is not changed if the local 

35 oscillation frequency is made lower than the reception 
frequency and signals the frequency of which is increased by 
addition are made transmission signals. However, the phase 
of the quadrature component is inverted if the local oscil- 
lation frequency is made higher than the reception frequency 

40 and signals the frequency of which is decreased by substrac- 
tion are made transmission signals. If the local oscillation 
frequency is set to have a high/low relationship which is 
different between the first and second bands, the phase of the 
quadrature component is inverted between the two bands, 

45 and the direction of rotation of the phase is reversed. 
Accordingly, in differential phase modulation, logic 1 and 
logic 0 are replaced by each other. 

Therefore, since the direction of rotation of the phase of 
the digital orthogonal base-band transmission signals out- 

50 putted from the digital modulation processing means was 
fixed, there arose such a constraint condition that it was 
necessary to set the high/low relationship between the 
transmission frequency and the local oscillation frequency in 
common between the first and second bands. Accordingly, 

55 there was a problem that the degree of freedom in designing 
the first-band local oscillator and the second -band local 
oscillator was reduced. 

SUMMARY OF THE INVENTION 

60 In order to solve the foregoing conventional problems, an 
object of the present invention is to provide a dual-band data 
communication device in which the degree of freedom in 
designing a first-band local oscillator and a second-band 
local oscillator can be increased. 

65 In order to solve the foregoing problems, according to the 
present invention, a dual-band data communication device 
comprises a dual-band digital demodulation processing 
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means and a dual -band digital modulation processing means In the above dual-band data communication device, 

for performing demodulation and modulation properly, according to a fourth aspect, of the present invention, the 

respectively, in use for a first band or a second band in dual-band digital demodulation processing means includes a 

response to selection control by a band selection control digital demodulation processing means for performing 

means for performing the control as to which one of a 5 demodulation properly when the first band is used, and a 

first-band local oscillator and a second-band local oscillator replacement means for replacing two of the digital orthogo- 

is used. nal base-band reception signals, one of which is an in-phase 

With such a configuration, modulation and demodulation component and the other of which is a quadrature 
can be performed properly in use of the first band or the component, by each other in response to a band selection 
second band regardless of the manner of setting the high/low 10 control signal from the band selection control means when 
relationship between the transmission/reception frequency the second band is used. There is an effect that reception data 
and the local oscillation frequency. Accordingly, the degree can be outputted properly even if there is a difference 
of freedom in designing the first-band local oscillation between the first and second bands in the high/low relation- 
frequency and the second-band local oscillation frequency is ship between the reception frequency and the local oscilla- 
increased. 15 tion frequency. 

According to a first aspect of the present invention, In the above dual-band data communication device, 

provided is a dual-band data communication device according to a fifth aspect of the present invention, the 

comprising, at least, a receiver for converting a reception dual-band digital demodulation processing means includes a 

wave into orthogonal base-band reception signals, A/D digital demodulation processing means for performing 

converters for converting the orthogonal base-band recep- 2 o demodulation properly when the first band is used, and a 

tion signals into digital orthogonal* base-band reception replacement means for replacing two of the digital orthogo- 

signals, a dual-band digital demodulation processing means nal base-hand reception signals, one of which is an in-phase 

for demodulating the digital orthogonal base-band reception component and the other of which is its inverted signal, by 

signals into reception data, a dual-band digital modulation each other in response to a band selection control signal 

processing means for modulating transmission data into 25 from the band selection control means when the second band 

digital orthogonal base-band transmission signals, D/A con- is used. There is an effect that reception data can be 

verters for converting the digital orthogonal base-band trans- outputted properly even if there is a difference between the 

mission signals into orthogonal base-band transmission first and second bands in the high/low relationship between 

signals, a transmitter for converting the orthogonal base- the reception frequency and the local oscillation frequency, 

band transmission signals into a transmission wave, and a 30 In the above dual-band data communication device, 

band selection control means for controlling selection as to according to a sixth aspect of the present invention, the 

which one of a first band and a second band is used; wherein dual-band digital demodulation processing means includes a 

the dual-band digital demodulation processing means digital demodulation processing means for performing 

includes means for performing demodulation properly when demodulation properly when the first band is used, and a 

selected one of the first band and the second band is used in 35 replacement means for replacing two of the digital orthogo- 

accordance with selection control between a first band local nal base-band reception signals, one of which is a quadrature 

oscillation and a second band local oscillation by the band component and the other of which is its inverted signal, by 

selection control means. There is an effect that reception each other in response to a band selection control signal 

data can be outputted properly even if there is a difference from the band selection control means when the second band 

between the first and second bands in the high/low relation- 40 is used. There is an effect that reception data can be 

ship between the reception frequency and the local oscilla- outputted properly even if there is a difference between the 

tion frequency. first and second bands in the high/low relationship between 

In the above dual-band data communication device, the reception frequency and the local oscillation frequency, 

according to a second aspect of the present invention, the In the above dual-band data communication device, 

dual-band digital modulation processing means includes 45 according to a seventh aspect of the present invention, the 

means for performing modulation properly when selected dual-band digital modulation processing means including a 

one of the first band and the second band is used in digital modulation processing means for performing modu- 

accordance with the selection control between the first band lation properly when the first band is used, and a logical 

local oscillation and the second band local oscillation by the means for performing EXCLUSI VE-ORing between a band 

band selection control means. There is an effect that a 50 selection control signal from the band selection control 

transmission wave can be outputted properly even if there is means and transmission data. There is an effect that a 

a difference between the first and second bands in the transmission wave can be outputted properly even if there is 

high/low relationship between the transmission frequency a difference between the first and second bands in the 

and the local oscillation frequency. high/low relationship between the transmission frequency 

In the above dual-band data communication device, 55 and the local oscillation frequency, 

according to a third aspect of the present invention, the In the above dual-band data communication device, 

dual -band digital demodulation processing means including according to a eighth aspect of the present invention, the 

a digital demodulation processing means for performing dual-band digital modulation processing means includes a 

demodulation properly when the first band is used, and a digital modulation processing means for performing modu- 

logical means for performing EXCLUSI VE-ORing between 60 lation properly when the first band is used, and a replace- 

a band selection control signal from the band selection ment means for replacing two of the digital orthogonal 

control means and reception data from the digital demodu- base-band transmission signals, one of which is an in-phase 

lation processing means. There is an effect that reception component and the other of which is a quadrature 

data can be outputted properly even if there is a difference component, by each other in response to a band selection 

between the first and second bands in the high/low relation- 65 control signal when the second band is used. There is an 

ship between the reception frequency and the local oscilla- effect that a transmission wave can be outputted properly 

tion frequency. even if there is a difference between the first and second 
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bands in the high/low relationship between the transmission (First Embodiment) 

frequency and the local oscillation frequency. A first embodiment according to the present invention is 

In the above dual-band data communication device, a dual-band data communication device having a logical 

according to a ninth aspect of the present invention, the means for performing EXCLUSI VE-ORing between a band 

dual-band digital modulation processing means includes a 5 selection control signal and reception data, 

digital modulation processing means for performing modu- FIG. 1 is a block diagram of a dual-band data communi- 

lation properly when the first band is used, and a replace- cation device in this embodiment of the present invention. In 

ment means for replacing two of the digital orthogonal piG. 1, the dual-band data communication device is consti- 

base-band transmission signals, one of which is an in-phase tuted by: an antenna 101 for transmitting/receiving a 

component and the other of which is its inverted signal, by 10 Uansmission / re ception wave efficiently; a duplexer 102 for 

each other m response to a band selection control signal ^ ^ transmission/reception wave into a transmis- 

from the band selection control means when the second band . r a *• * i<v» * 

j t>l a * ,u * , i_ sion wave and a reception wave: a receiver 103 for convert- 
is used. There is an effect that a transmission wave can be . . . r . . ' . , , , 
outputted properly even if there is a difference between the ^ me recepUon wave mto two orAogonal base-band recep- 
first and second bands in the high/low relationship between |^n signals RX-I and RX-Q the former one of which is an 
the transmission frequency and the local oscillation fre- 15 m-pnase component and the latter one of which is a quadra- 
quency. mc component respectively; a transmitter 104 for convert- 
In the above dual-band data communication device, m S two o^ogonal base-band reception signals TX-I and 
according to a tenth aspect of the present invention, the TX-Q, the former one of which is an in-phase component 
dual-band digital modulation processing means includes a and tne latler one of whicn fe a quadrature component, into 
digital modulation processing means for performing modu- 20 a transmission wave; a first local oscillator 105 for a first 
lation properly when the first band is used, and a replace- Dand used for frequency-conversion in the transmitter and 
ment means for replacing two of the digital orthogonal the receiver; a first local oscillator 106 for a second band 
base-band transmission signals, one of which is a quadrature used for the same purpose as the first local oscillator 105; a 
component and the other of which is its inverted signal, by reception second local oscillator 107 used for orthogonal 
each other in response to a band selection control signal 25 detection in the receiver; a transmission second local oscil- 
f rom the band selection control means when the second band lator 108 used for orthogonal modulation in the transmitter; 
is used. There is an effect that a transmission wave can be A/D converters 109 for converting the orthogonal base-band 
outputted properly even if there is a difference between the reception signals RX-I and RX-Q into digital orthogonal 
first and second bands in the high/low relationship between base-band reception signals respectively; a dual-band digital 
the transmission frequency and the local oscillation fre- 30 demodulation processing means 110 for demodulating the 
quency. digital orthogonal base-band reception signals into reception 
BRIEF DESCRIPTION OF THE DRAWINGS data; D/A converters 111 for converting digital orthogonal 
FIG. 1 is a block diagram of a dual-band data communi- base-band transmission signals into orthogonal base-band 
cation device which is used in common in each embodiment transmission signals TX-I and TX-Q respectively, a dual- 
of the present invention* 35 * >an ^ digital modulation processing means 112 for modulat- 
FIG. 2 is a block diagram of a dual-band digital demodu- m * transmission data into digital orthogonal base-band 
lation processing means in a first embodiment of the present transmission signals; and a band selection control means 113 
invention- controlling the mode as to which one of the first and 

FIG. 3 is a block diagram of a dual-band digital demodu- Mn Se ^°^ }* aD ? S u ^ed. 

^ . ju^.t^u 40 Th e band selection control means 113 performs control 

lation processing means in a second embodiment of the ^ . . - #1 « .„ , i n *r c , 

r . . & for section between the first local oscillator 105 for the first 

t f ven "° a; I A . . A 1U AA . . 1A A band and the first local oscillator 106 for the second band by 

FIG. 4 is a block diagram of a dual-band digital demodu- usi a band geleclion si j m and at me ^ 

lationprocessmgmeansmathirdembodimentofthepresent lime> CQntTo]& the dua l-band ^ demodulation processing 

invention, 45 means and me dual-band digital modulation processing 

FIG. 5 is a block diagram of a dual-band digital demodu- means 112. 
lation processing means in a fourth embodiment of the mG 2 is a detailed block diagram illustrating the dual- 
present invention; band digital demodulation processing means 110 in the thus 

FIG. 6 is a block diagram of a dual-band digital modu- configured dual-band data communication device. In FIG. 2, 

lation processing means in a fifth embodiment of the present 50 the dual-band digital demodulation processing means 110 is 

invention; constituted by a digital demodulation processing means 201 

FIG, 7 is a block diagram of a dual-band digital modu- and an EXCLUSI VE-OR circuit 202. 

lation processing means in a sixth embodiment of the Assume now that the digital demodulation processing 

present invention; means 201 is set to perform demodulation properly when the 

FIG. 8 is a block diagram of a dual -band digital modu- 55 first band is used, and that in the high/low relationship 

lation processing means in a seventh embodiment of the between the reception frequency and the first local oscilla- 

present invention; tion frequency, there is a difference between the first and 

FIG. 9 is a block diagram of a dual -band digital modu- second bands. In this case, the direction of jotation of the 

lation processing means in an eighth embodiment of the phase of the digital orthogonal base-band receptio n signals 

present invention; and 60 is reversed when the second band is used^J n differential 

FIG. 10 is a block diagram of a conventional dual-band p h&rTreffiTlation, tor example, logic U iP set when the 

data communication device. dir ection of rotation ol th e phaseis positive, while logic 1 is 

„ ™ ™ set when the direction rotatio n oi the p hase is negative. 

^SSS^SS^ Aa^&^M^^&^of the ph 8 ase is 

PREFERRED EMBODIMENTS 65 r eversed, the output of the digital demodula tion processing 

Embodiments of the present invention will be described means20 1js inv e rted so that the lo^ic 1 apH the. Ingir 0 are 

below with reference to FIGS. 1 to 9. r enllcedbv eacTotber. Therefore, the band selection c ontrol 
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sign al 114 from the band selection contcgXmeansJIXis set is an in-phase component and the other of which is a 

to^Ske the logic 0 Whfirrtiie-fjfsT&anc^ used and to take the quadrature component are replaced by each other, the direc- 

logic 1 when the'secoOTban^ilslised. Then, EXCLUSIVE- tion of rotation of the phase is reversed. Accordingly, the 

JRing is^carjcied-out-between-the-output-af-the digital direction of rotation of the phase is reversed again so as to 

/demodulation proc essing means ^jOjLand.the band selection 5 return to its original direction. It is therefore possible to 

ontrol^ign~aTTI4 by means onSeEXCLUSIVE-OR circuit output reception data properly. 

fe02 Consequently, the logic 1 and the logic 0 are replaced In the case where the digital demodulation processing 
t>y each other again when the second band is used. As a means 201 performs demodulation properly when the sec- 
result, it is possible to output reception data properly. ond band is used, it will go well if the two selectors 301 are 

In the case where the digital demodulation processing 10 controlled by the band selection control signal 114 so that 
means 201 performs demodulation properly when the sec- the two digital orthogonal base-band reception signals, one 
ond band is used, it will go well if the band selection control of which is an in-phase component and the other of which 
signal 114 is set to take the Logic 1 when the first band is is a quadrature component, are replaced by each other when 
used, and to take the logic 0 when the second band is used. the first band is used. In the case where there is no difference 
In the case where there is no difference between the first 15 between the first and second bands in the high/low relation- 
band and the second band in the high/low relationship ship between the reception frequency and the first local 
between the reception frequency and the first local oscilla- oscillation frequency, it will go well if the two selectors 301 
tion frequency, it will go well if the EXCLUSIVE-OR are fixed in one state. It is therefore possible to deal with any 
circuit 202 is bypassed, or made to be an inversion circuit. high/low relationship between the reception frequency and 
It is therefore possible to deal with any high/low relationship 20 the first local oscillation frequency, 
between the reception frequency and the first local oscilla- As has been described above, according to this 
tion frequency. embodiment, the two selectors 301 and the digital demodu- 

As has been described above, according to this lation processing means 201 are provided in the dual-band 

embodiment, the digital demodulation processing means digital demodulation processing means 110. Accordingly, it 

201 and the EXCLUSIVE-OR circuit 202 are provided in 25 is possible to output reception data properly even if there is 

the dual-band digital demodulation processing means 110. a difference between the first and second bands in the 

Accordingly, it is possible to output reception data properly high/low relationship between the reception frequency and 

even if there is a difference between the first and second the first local oscillation frequency. As a result, the degree of 

bands in the high/low relationship between the reception freedom in designing the first local oscillation frequency is 

frequency and the first local oscillation frequency. As a 30 increased, 

result, the degree of freedom in designing the first local (Third Embodiment) 

oscillation frequency is increased. A third embodiment of the present invention is a dual- 

(Second Embodiment) band data communication device having means for replacing 

A second embodiment of the present invention is a two digital orthogonal base-band reception signals, which 

dual-band data communication device having means for 35 are an in-phase component and its inverted signal, by each 

replacing two digital orthogonal base-band reception other in accordance with a band selection control signal 

signals, one of which is an in-phase component and the other when a second band is used. 

of which is a quadrature component, by each other in FIG. 4 is a detailed block diagram illustrating a dual-band 

accordance with a band selection control signal when a digital demodulation processing means 110 in the dual-band 

second band is used. 40 data communication device shown in FIG. 1, wherein 

FIG. 3 is a detailed block diagram illustrating a dual-band orthogonal base-band reception signals are balanced to 

digital demodulation processing means 110 in the dual-band improve the antinoise properties. In FIG. 4, an inverted 

data communication device shown in FIG. 1. In FIG. 3, the signal of an orthogonal base-band reception signal RX-I 

dual-band digital demodulation processing means 110 is which is an in-phase component is referenced by RX-nl, and 

constituted by two selectors 301 and a digital demodulation 45 an inverted signal of an orthogonal base-band reception 

processing means 201. signal RX-Q which is a quadrature component is referenced 

Assume now that the digital demodulation processing by RX-nQ. The dual-band digital demodulation processing 
means 201 is set to perform demodulation properly when the means 110 is constituted by two selectors 301, two subtract- 
first band is used, and that in the high/low relationship ers 401 and a digital demodulation processing means 201. 
between the reception frequency and the first local oscilla- 50 Assume now that the digital demodulation processing 
tion frequency, there is a difference between the first and means 201 is set to perform demodulation properly when the 
second bands. In this case, the direction of rotation of the first band is used, and that in the high/low relationship 
phase of the digital ortho gonal base-band^ re ception signals between the reception frequency and the first local oscilla- 
is reversed-wheu the second band is used. Therefore, the two tion frequency, there is a difference between the first and 
selcUms 301^ are controlled by the band selecti on control 55 second bands. In this case, the direction of rotation of the 
signaHi4~supplieci from the band selection contro l means phase of the digital orthogonal base-band reception signals 
113 so as to-retUm the airection of rotati on of the phase to is reversed when the second band is used. Therefore, the two 
its ongmaidj rection . selectors 301 are controlled by the band selection control 

Wbsrr*TEe~~second band is used, a digital orthogonal signal 114 given from the band selection control means 113 

base-band reception signal obtained by converting the 60 so as to return the direction of rotation of the phase to its 

orthogonal base-band reception signal RX-I which is an original direction. 

in-phase component by means of the A/D converter 109, and When the second band is used, a digital orthogonal 

a digital orthogonal base-band reception signal obtained by base-band reception signal obtained by converting the 

converting the orthogonal base-band reception signal RX-Q orthogonal base-band reception signal RX-I which is an 

which is a quadrature component by means of the other A/D 65 in-phase component by means of the A/D converter 109, and 

converter 109 are replaced by each other. When the two a digital orthogonal base-band reception signal obtained by 

digital orthogonal base-band reception signals one of which converting the inverted signal RX-nl of the orthogonal 
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base-band reception signal RX-I which is an in-phase com- component by means of the A/D converter 109, and a digital 
ponent by means of the A/D converter 109 are replaced by orthogonal base-band reception signal obtained by convert- 
each other. As a result, the orthogonal base-band reception ing the inverted signal RX-nQ of the orthogonal base-band 
signal RX-I is inverted equivalently. Since both the compo- reception signal RX-Q which is a quadrature component by 
nents are inverted equivalently, the direction of rotation of 5 means of the A/D converter 109 are replaced by each other, 
the phase is reversed to return to its original direction. As a result, the inverted phase of the quadrature component 
Accordingly, it is possible to output reception data properly. is returned to its original phase. The direction of rotation of 

In the case where the digital demodulation processing the phase is reversed to return to its original direction, 
means 201 performs demodulation properly when the sec- Accordingly, it is possible to output reception data properly, 
ond band is used, it will go well if the two selectors 301 are to In the case where the digital demodulation processing 
controlled by the band selection control signal 114 so that means 201 performs demodulation properly when the see- 
the two digital orthogonal base-band reception signals which ond band is used, it will go well if the two selectors 301 are 
are an in-pbase component and its inverted signal are controlled by the band selection control signal 114 so that 
replaced with each other. In the case where there is no the two digital orthogonal base-band reception signals which 
difference between the first band and the second band in the 15 are a quadrature component and its inverted signal are 
high/low relationship between the reception frequency and replaced with each other. In the case where there is no 
the first local oscillation frequency, it will go well if the two difference between the first band and the second band in the 
selectors 301 are fixed to the state of one of them. It is high/low relationship between the reception frequency and 
therefore possible to deal with any highAow relationship the first local oscillation frequency, it will go well if the two 
between the reception frequency and the first local oscilla- 20 selectors 301 are fixed to the state of one of them, It is 
tion frequency. therefore possible to deal with any high/low relationship 

As has been described above, according to this between the reception frequency and the first local oscilla- 

embodiment, the two selectors 301, the two subtracters 401 tion frequency. 

and the digital demodulation processing means 201 are As has been described above, according to this 

provided in the dual-band digital demodulation processing 25 embodiment, the two selectors 301, the two subtracters 401 

means 110 in which orthogonal base-band reception signals and the digital demodulation processing means 201 are 

are balanced to improve the antinoise properties. provided in the dual-band digital demodulation processing 

Accordingly, it is possible to output reception data properly means 110 in which orthogonal base-band reception signals 

even if there is a difference between the first and second are balanced to improve the antinoise properties, 

bands in the highAow relationship between the reception 30 Accordingly, it is possible to output reception data properly 

frequency and the first local oscillation frequency. As a even if there is a difference between the first and second 

result, the . degree of freedom in designing the first local bands in the highAow relationship between the reception 

oscillation frequency is increased. frequency and the first local oscillation frequency. As a 

(Fourth Embodiment) result, the degree of freedom in designing the first local 

A fourth embodiment of the present invention is a dual- 35 oscillation frequency is increased, 

band data communication device having means for replacing (Fifth Embodiment) 

two digital orthogonal base-band reception signals, which A fifth embodiment of the present invention is a dual-band 

are a quadrature component and its inverted signal, by each data communication device having a logical means for 

other in accordance with a band selection control signal performing EXCLUSIVE-ORing between a band selection 

when a second band is used. 40 control signal and transmission data. 

FIG. 5 is a detailed block diagram illustrating a dual-band FIG. 6 is a detailed block diagram of a dual-band digital 
digital demodulation processing means 110 in the dual-band modulation processing means 112 in the dual-band data 
data communication device shown in FIG. 1, wherein . communication device shown in FIG. 1. In FIG. 6, the 
orthogonal base-band reception signals are balanced to dual-band digital modulation processing means 112 is con- 
improve the antinoise properties. In FIG. 5, an inverted 45 stituted by an EXCLUSIVE-OR circuit 202 and a digital 
signal of an orthogonal base-band reception signal RX-I modulation processing means 601. 
which is an in-phase component is referenced by RX-nl, and Assume now that the digital modulation processing 
an inverted signal of an orthogonal base-band reception means 601 is set to perform modulation properly when the 
signal RX-Q which is a quadrature component is referenced first band is used, and that in the highAow relationship 
by RX-nQ. The dual-band digital demodulation processing 50 between the transmission frequency and the first local oscil- 
means 110 is constituted by two selectors 301, two subtract- lation frequency, there is a difference between the first and 
ers 401 and a digital demodulation processing means 201. second bands. In this case, the direction of rotation of the 

Assume now that the digital demodulation processing phase of a transmission wave outputted from the transmitter 

means 201 is set to perform demodulation properly when the is reversed when the second band is used. The band selection 

first band is used, and that in the high/low relationship 55 control signal 114 given from the band selection control 

between the reception frequency and the first local oscilla- means 113 is set to take logic 0 when the first band is used 

tion frequency, there is a difference between the first and and to take logic 1 when the second band is used. Then, 

second bands. In this case, the direction of rotation of the EXCLUSIVE-ORing is performed, by means of the 

phase of the digital orthogonal base-band reception signals EXCLUSIVE-OR circuit 202, between the transmission 

is reversed when the second band is used. Therefore, the-two 60 data and the band selection control signal 114 given from the 

selectors 301 are controlled by the band selection control band selection control means 113. 

signal 114 given from the band selection control means 113 When the second band is used, digital modulation is 

so as to return the direction of rotation of the phase to its performed upon the transmission data after the logic 1 and 

original direction. the logic 0 are replaced by each other in advance. In such a 

When the second band-is used, a digital orthogonal base- 65 manner, the direction of rotation of the phase of signals in 

band reception signal obtained by converting the orthogonal which the direction of rotation of the phase of digital 

base-band reception signal RX-Q which is a quadrature orthogonal base-band transmission signals and orthogonal 
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base-band transmission signals has been reversed is reversed 
again in the transmitter. Accordingly, it is possible to output 
a transmission wave properly. 

In the case where the digital modulation processing means 
601 performs modulation properly when the second band is 5 
used, it will go well if the band selection control signal 114 
is set in advance to take the logic 1 when the first band is 
used, and to take the logic 0 when the second band is used. 
In the case where there is no difference between the first and 
second bands in the high/low relationship between the 10 
transmission frequency and the first local oscillation 
frequency, it will go well if the EXCLUSIVE-OR circuit 202 
is bypassed, or made to be an inversion circuit It is therefore 
possible to deal with any high/low relationship between the 
transmission frequency and the first local oscillation fre- 15 
quency. 

As has been described above, according to this 
embodiment, the EXCLUSIVE-OR circuit 202 and the 
digital modulation processing means 601 are provided in the 
dual -band digital modulation processing means 112. 20 
Accordingly, it is possible to output a transmission wave 
properly even if there is a difference between the first and 
second bands in the high/low relationship between the 
transmission frequency and the first local oscillation fre- 
quency. Accordingly, the degree of freedom in designing the 25 
first local oscillation frequency is increased. 
(Sixth Embodiment) 

A sixth embodiment of the present invention is a dual- 
band data communication device having means for replacing 
two digital orthogonal base-band transmission signals, one 30 
of which is an in-phase component and the other of which 
is a quadrature component, by each other in accordance with 
a band selection control signal when a second band is used. 

FIG. 7 is a detailed block diagram illustrating a dual-band 
digital modulation processing means 112 in the dual-band 35 
data communication device shown in FIG. 1. In FIG: 7, the 
dual-band digital modulation processing means 112 is con- 
stituted by a digital modulation processing means 601 and 
two selectors 301. 

Assume now that the digital modulation processing 40 
means 601 is set to perform modulation properly when the 
first band is used, and that in the high/low relationship 
between the transmission frequency and the first local oscil- 
lation frequency, there is a difference between the first and 
second bands. In this case, the direction of rotation of the 45 
phase of a transmission wave outputted from the transmitter 
is reversed when the second band is used. Therefore, the two 
selectors 301 are controlled by the band selection control 
signal 114 given from the band selection control means 113 
so as to prevent the direction of rotation of the phase of the 50 
transmission wave from being reversed. 

When the second band is used, a digital orthogonal 
base-band transmission signal to be converted by the D/A 
converter 111 into an orthogonal base-band transmission 
signal TX-I which is an in-phase component, and a digital 55 
orthogonal base -band transmission signal to be converted by 
the other D/A converter 111 into an orthogonal base-band 
transmission signal TX-Q which is a quadrature component 
are replaced by each other. As a result, the direction of 
rotation of the phase of the orthogonal base-band transmis- 60 
sion signals is reversed. Since the direction of rotation of the 
phase is reversed again in the transmitter, it is possible to 
output a transmission wave properly. 

In the case where the digital modulation processing means 
601 performs modulation properly when the second band is 65 
used, it will go well if the two selectors 301 are controlled 
by the band selection control signal 114 so that the two 



digital orthogonal base-band transmission signals, one of 
which is an in-phase component and the other of which is a 
quadrature component, are replaced by each other when the 
first band is used. When there is no difference between the 
first and second bands in the high/low relationship between 
the transmission frequency and the first local oscillation 
frequency, it will go well if the two selectors 301 are fixed 
to the state of one of them. It is therefore possible to deal 
with any high/low relationship between the transmission 
frequency and the first local oscillation frequency. 

As has been described above, according to this 
embodiment, the digital modulation processing means 601 
and the two selectors 301 are provided in the dual-band 
digital modulation processing means 112. Accordingly, it is 
possible to output a transmission wave properly even if there 
is a difference between the first and second bands in the 
high/low relationship between the transmission frequency 
and the first local oscillation frequency. As a result, the 
degree of freedom in designing the first local oscillation 
frequency is increased. 
(Seventh Embodiment) 

A seventh embodiment of the present invention is a 
dual-band data communication device having means for 
replacing two digital orthogonal base-band transmission 
signals, which are an in-phase component and its inverted 
signal, by each other in accordance with a band selection 
control signal when a second band is used. 

FIG. 8 is a detailed block diagram illustrating a dual-band 
digital modulation processing means 112 in the dual-band 
data communication device shown in FIG. 1, wherein 
orthogonal base-band transmission signals are balanced to 
improve the antinoise properties. In FIG. 8, an inverted 
signal of an orthogonal base-band transmission signal TX-I 
which is an in-phase component is referenced by TX-nl, and 
an inverted signal of an orthogonal base-band transmission 
signal TX-Q which is a quadrature component is referenced 
by TX-nQ. The dual-band digital modulation processing 
means 112 is constituted by a digital modulation processing 
means 601, two inverters 801 and two selectors 301. 

Assume now that the digital modulation processing 
means 601 is set to perform modulation properly when the 
first band is used, and that in the high/low relationship 
between the transmission frequency and the first local oscil- 
lation frequency, there is a difference between the first and 
second bands. In this case, the direction of rotation of the 
phase of a transmission wave outputted from the transmitter 
is reversed when the second band is used. Therefore, the two 
selectors 301 are controlled by the band selection control 
signal 114 given from the band selection control means 113 
so as to prevent the direction of rotation of the phase of the 
transmission wave from being reversed. 

When a second band is used, a digital orthogonal base- 
band transmission signal to be converted by the D/A con- 
verter 111 into the orthogonal base-band transmission signal 
TX-I which is an in-phase component, and a digital orthogo- 
nal base-band transmission signal to be converted by the 
D/A converter 111 into the inverted signal TX-nl of the 
orthogonal base-band transmission signal TX-I which is an 
in-phase component are replaced by each other. As a result, 
the direction of rotation of the phase of the orthogonal 
base-band transmission signals is reversed. Since the direc- 
tion of rotation of the phase is reversed again in the 
transmitter, it is possible to output a transmission wave 
properly. 

In the case where the digital modulation processing means 
601 performs modulation properly when the second band is 
used, it will go well if the two selectors 301 are controlled 
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by the band selection control signal 114 so that the two 
digital orthogonal base-band transmission signals, one of 
which is an in-phase component and the other of which is its 
inverted signal, are replaced by each other when the first 
band is used. When there is no difference between the first 5 
and second bands in the high/low relationship between the 
transmission frequency and the first local oscillation 
frequency, it will go well if the two selectors 301 are fixed 
to the state of one of them. It is therefore possible to deal 
with any high/low relationship between the transmission 
frequency and the first local oscillation frequency. 

As has been described above, according to this 
embodiment, the digital modulation processing means 601, 
the two inverters 801 and the two selectors 301 are provided 
in the dual-band digital modulation processing means 112 in 
the case where orthogonal base-band transmission signals 15 
are balanced to improve the antinoise properties. 
Accordingly, it is possible to output a transmission wave 
properly even if there is a difference between the first and 
second bands in the high/low relationship between the 
transmission frequency and the first local oscillation fre- 20 
quency. As a result, the degree of freedom in designing the 
first local oscillation frequency is increased. 
(Eighth Embodiment) 

An eighth embodiment of the present invention is a 
dual-band data communication device having means for 2 $ 
replacing two digital orthogonal base-band transmission 
signals, which are a quadrature component and its inverted 
signal, by each other in accordance with a band selection 
control signal when a second band is used. 

FIG. 9 is a detailed block diagram illustrating a dual-band 30 
digital modulation processing means 112 in the dual-band 
data communication device shown in FIG. 1, wherein 
orthogonal base-band transmission signals are balanced to 
improve the antinoise properties. In FIG. 9, an inverted 
signal of an orthogonal base-band transmission signal TX-I 35 
which is an in-phase component is referenced by TX-nl, and 
an inverted signal of an orthogonal base-band transmission 
.signal TX-Q which is a quadrature component is referenced 
by TX-nQ. The dual-band digital modulation processing 
means 112 is constituted by a digital modulation processing 40 
means 201, two inverters 801 and two selectors 301. 

Assume now that the digital modulation processing 
means 601 is set to perform modulation properly when the . 
first band is used, and that in the high/low relationship 
between the transmission frequency and the first local oscil- 45 
lation frequency, there is a difference between the first and 
second bands. In this case, the direction of rotation of the 
phase of a transmission wave outputted from the transmitter 
is reversed when the second band is used. Therefore, the two 
selectors 301 are controlled in accordance with the band 50 
selection control signal 114 given from the band selection 
control means 113 so as to prevent the direction of rotation 
of the phase of the transmission wave from being reversed. 

When the second band is used, a digital orthogonal 
base-band transmission signal to be converted by the D/A 55 
converter 111 into the orthogonal base-band transmission 
signal TX-Q which is a quadrature component, and a digital 
orthogonal base-band transmission signal to be converted by 
the other D/A converter 111 into the inverted signal TX-nQ 
of the orthogonal base-band transmission signal TX-Q 
which is a quadrature component are replaced by each other. 60 
As a result, the direction of rotation of the phase of the 
orthogonal base-band transmission signals is reversed. Since 
the direction of rotation of the phase is reversed again in the 
transmitter, it is possible to output a transmission wave 
properly. 65 

In the case where the digital modulation processing means 
601 performs modulation properly when the second band is 



used, it will go well if the two selectors 301 are controlled 
by the band selection control signal 114 so that the two 
digital orthogonal base-band transmission signals, one of 
which is a quadrature component and the other of which is 
its inverted signal, are replaced by each other when the first 
band is used. When there is no difference between the first 
and second bands in the high/low relationship between the 
transmission frequency and the first local oscillation 
frequency, it will go well if the two selectors 301 are fixed 
to the state of one of them. It is therefore possible to deal 
with any high/low relationship between the transmission 
frequency and the first local oscillation frequency. 

As has been described above, according to this 
embodiment, the digital modulation processing means 601, 
the two inverters 801 and the two selectors 301 are provided 
in the dual-band digital modulation processing means 112 in 
the case where orthogonal base-band transmission signals 
are balanced to improve the antinoise properties. 
Accordingly, it is possible to output a transmission wave 
properly even if there is a difference between the first and 
second bands in the high/low relationship between the 
transmission frequency and the first local oscillation fre- 
quency. As a result, the degree of freedom in designing the 
first local oscillation frequency is increased. 

Although description has been made, in each of the 
above-mentioned embodiments, about the case where the 
first local oscillators are used in common between a recep- 
tion system and a transmission system, the present invention 
is not limited to this but applicable to the configuration in 
which separate first local oscillators are used individually in 
the reception system and the transmission system. In 
addition, although description has been made, in the above 
embodiments, about the case where separate first local 
oscillators are used individually for a first band and a second 
band, the present invention is not limited to this but appli- 
cable to the configuration in which the first local oscillator 
is used in common for the first band and the second band. In 
addition, although description has been made, in the above 
embodiments, about the case where the first local oscillators 
are independent of the second local oscillators, the present 
invention is not limited to this but applicable to the con- 
figuration in which a local oscillator is used in common as 
the first local oscillator and the second local oscillator. 

As has been described above, according to the present 
invention, there are provided a dual-band digital demodu- 
lation processing means for performing demodulation prop- 
erly and a dual-band digital modulation processing means 
for performing modulation properly in either case where the 
first band or the second band is used, in accordance with 
controlled selection between the first-band local oscillator 
and the second-band local oscillator by the band selection 
control means. Accordingly, reception data can be outputted 
properly even if there is a difference between the first and 
second bands in the high/low relationship between the 
reception frequency and the local oscillation frequency. In 
addition, a transmission wave can be outputted properly 
even if there is a difference between the first and second 
bands in the high/low relationship between the transmission 
frequency and the local oscillation frequency. As a result, it 
is possible to obtain an effect that the degree of freedom in 
designing the first-band local oscillator and the second-band 
local oscillator can be increased. 

What is claimed is: 

1. A dual-band data communication device comprising: 

a receiver for converting a reception wave into orthogonal 
base-band reception signals, 

A/D converters for converting said orthogonal base-band 
reception signals into digital orthogonal base-band 
reception signals, 

a dual-band digital demodulation processing means for 
demodulating said digital orthogonal base-band recep- 
tion signals into reception data, 



07/23/2004, EAST Version: 1.4.1 



US 6,310,863 Bl 



15 



16 



a dual-band digital modulation processing means for 

modulating transmission data into digital orthogonal 

base-band transmission signals, 
D/A converters for converting said digital orthogonal 

base-band transmission signals into orthogonal base- 5 

band transmission signals, 
a transmitter for converting said 'orthogonal base-band 

transmission signals into a transmission wave, and 
a band selection control means for controlling selection as 

to which one of a first band and a second band is used, 10 

wherein 

said dual-band digital demodulation processing means 
includes; 

means for performing demodulation properly when 
selected one of said first band and said second band 15 
is used in accordance with selection control between 
a first band local oscillation and a second band local 
oscillation by said band selection control means. 

2. The dual-band data communication device of claim 1, 
wherein 20 

said dual-band digital modulation processing means 
includes; 

means for performing modulation properly when 
selected one of said first band and said second band 
is used in accordance with the selection control 25 
between said first band local oscillation and said 
second band local oscillation by said band selection 
control means. 

3. The dual-band data communication device of claim 1, 
wherein 30 

said dual-band digital demodulation processing means 
including; 

a digital demodulation processing means for perform- 
ing demodulation properly when said first band is 
used, and 35 

a logical means for performing EXCLUSIVE-ORing 
between a band selection control signal from said 
band selection control means and reception data 
from said digital demodulation processing means. 

4. The dual-band data communication device of claim 1, 40 
wherein 

said dual-band digital demodulation processing means 
includes; 

a digital demodulation processing means for perform- 
ing demodulation properly when said first band is 45 
used, and 

a replacement means for replacing two of said digital 
orthogonal base-band reception signals, one of 
which is an in-phase component and the other of 
which is a quadrature component, by each other in 50 
response to a band selection control signal from said 
band selection control means when said second band 
is used. 

5. The dual-band data communication device of claim 1, 
wherein 55 

said dual-band digital demodulation processing means 
includes; 

a digital demodulation processing means for perform- 
ing demodulation properly when said first band is 
used, and 60 

a replacement means for replacing two of said digital 
orthogonal base-band reception signals, one of 
which is an in-phase component and the other of 
which is the inverted signal thereof, by each other in 
response to a band selection control signal from said 65 
band selection control means when said second band 
is used. 



6. The dual-band data communication device of claim 1, 
wherein 

said dual-band digital demodulation processing means 
includes; 

a digital demodulation processing means for perform- 
ing demodulation properly when said first band is 
used, and 

a replacement means for replacing two of said digital 
orthogonal base-band reception signals, one of 
which is a quadrature component and the other of 
which is the inverted signal thereof, by each other in 
response to a band selection control signal from said 
band selection control means when said second band 
is used. 

7. The dual-band data communication device of claim 2, 
wherein 

said dual-band digital modulation processing means 
including; 

a digital modulation processing means for performing 
modulation properly when said first band is used, 
and 

a logical means for performing EXCLUSIVE-ORing 
between a band selection control signal from said 
band selection control means and transmission data. 

8. The dual-band data communication device of claim 2, 
wherein 

said dual-band digital modulation processing means 
includes; 

a digital modulation processing means for performing 
modulation properly when said first band is used, 
and 

a replacement means for replacing two of said digital 
orthogonal base-band transmission signals, one of 
which is an in-phase component and the other of 
which is a quadrature component, by each other in 
response to a band selection control signal when said 
second band is used. 

9. The dual-band data communication device of claim 2, 
wherein 

said dual-band digital modulation processing means 
includes; 

a digital modulation processing means for performing 
modulation properly when said first band is used, 
and 

a replacement means for replacing two of said digital 
orthogonal base-band transmission signals, one of 
which is an in-phase component and the other of 
which is the inverted signal thereof, by each other in 
response to a band selection control signal from said 
band selection control means when said second band 
is used. 

10. The dual-band data communication device of claim 2, 
wherein 

said dual-band digital modulation processing means 
includes; 

a digital modulation processing means for performing 
modulation properly when said first band is used, 
and 

a replacement means for replacing two of said digital 
orthogonal base-band transmission signals, one of 
which is a quadrature component and the other of 
which is the inverted signal thereof, by each other in 
response to a band selection control signal from said 
band selection control means when said second band 
is used. 
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